Results
In contrast, 1 hr after treatment of these neurons with PI-PLC, the binding of NgR antibody and of MAG-Fc are greatly reduced. However, 8 hr after PI-PLC treatBinding and Inhibition of Neurite Outgrowth by MAG Each Require a GPI-Linked Protein ment, the binding of NgR antibody and MAG-Fc to these neurons is restored, indicating the replacement of the Previously, we showed that a soluble, chimeric form of MAG, MAG-Fc (the extracellular domain of MAG fused GPI-linked proteins within this time ( Figure 1B ). Since the GPI-linked proteins are so rapidly replaced, we had to the Fc portion of human IgG), was able to specifically precipitate a number of neuronal surface proteins (De to modify the neurite outgrowth assay we routinely use by reducing culture times from 18-24 hr to 2-6 hr, and Bellard and Filbin, 1999). Of these proteins, one of about 80 kDa is approximately the same molecular weight as rather than measuring neurite length, the number of neurons with neurites were counted. Removal of GPI-linked the recently cloned Nogo receptor, NgR. Because of this similarity in size, we wanted to determine if MAG was proteins from cerebellar neurons prevents the inhibition of neurite extension by MAG-Fc, while the same treatbringing about its inhibitory effect through an interaction with this same receptor. As the NgR receptor is a GPIment has no effect on the ability of cerebellar neurons to extend neurites in the absence of MAG-Fc ( Figure  linked protein (Fournier et al., 2001 ), neurons were treated with phosphatidylinositol-specific phospholi-1C). The reduced culture time required for this assay was not suitable for DRG neurons because under control pase C (PI-PLC) to remove all GPI-linked proteins, and the ability of MAG to bind and inhibit neurite outgrowth conditions, they failed to extend detectable neurites by 6 hr. However, these results indicate that binding of was assessed. We first wanted to ensure that the commercially available NgR antibody did indeed recognize MAG-Fc to neurons and its ability to inhibit neurite outgrowth are dependent on a neuronal GPI-linked protein. the NgR. Figure 1A shows Figure 2Ab shows that MAG-Fc binds to NgR-express-MAG-Fc to cerebellar neurons is observed ( Figure 1B) . 4C ). Expression of this mutant NgR had no effect on the ability of NG108 cells to extend processes in the absence of MAG. Together, these results suggest that the neutralizing effects of the dominant-negative NgR are specific for MAG.
MAG and Nogo66 Compete for Binding to NgR
If MAG and NogoA interact with the same receptor, the question becomes whether the interactions are competitive or noncompetitive. To address this issue, the ability of Nogo66, the extracellular sequence of Nogo that interacts with NgR, to block binding of MAG-Fc to neurons was assessed. When Nogo66-AP and MAG-Fc were included at the same concentration, there was little effect on MAG-Fc binding to NgR-expressing CHO cells (Figure 5A) . However, when Nogo66-AP was added in a 2-fold molar excess, MAG-Fc binding was greatly reduced, indicating direct competition for the same binding site ( Figure 5B ). To assess more precisely the competition of MAG and Nogo66 for NgR, the IC 50 (concentration of Nogo66 at which binding of MAG is reduced by 50%) was determined. By measuring MAG-Fc binding to cerebellar neurons in the presence of increasing concentrations of Nogo66, the IC 50 was calculated to be approximately 120 nM ( Figure 5C ). An IC 50 in the nano- It is well established that MAG is a bifunctional moleinhibition is transduced to the neuron. Second, these cule in that it promotes axonal growth from young neuresults point to considerable redundancy of these inhibirons but, with development, the response of these same tory ligands (Filbin, 1996) for developing therapies for spinal cord and CNS injury.
Precipitation Assays Experimental Procedures
Cerebellar neurons, DRG neurons (PND4-7), CHO cells expressing NgR-FLAG, or control CHO cells were lysed in 50 mM Tris-HCl Neurite Outgrowth Assays (pH 7.5) RIPA buffer (Amersham). After pre-clearing with protein A The neurite outgrowth assay on MAG-expressing cells was carried sepharose, the lysates were incubated with either MAG-Fc (20 out as described previously (Cai et al., 1999; Mukhopadhyay et al., g/ml), MAG (d1-3)-Fc (20 g/ml), or an anti-flag antibody (1:1000, 1994). Briefly, 5 ϫ 10 4 isolated cerebellar or DRG neurons from Santa Cruz) for 4 hr at 4ЊC, after which 50 l of 50% protein A P4-P8 rat pups were plated onto confluent monolayers of control sepharose beads was added and incubation continued for 60 min and MAG-expressing CHO cells in 8-chamber tissue culture slides at 4ЊC. The samples were centrifuged and the pellet washed twice (Lab-Tek). Where indicated, a polyclonal antibody to NgR (Santa with lysis buffer. The proteins in the pellet were dissociated by the Cruz) was included or NgR-AP, prepared as previously described, addition of SDS sample buffer and boiling for 10 min before being was preincubated with the cells before the addition of neurons, centrifuged and the proteins in the supernatant separated in a 10% at the concentrations indicated. After 16-18 hr of incubation, the PAGE, prior to being transferred to PVDF membrane and stained cultures were fixed for 30 min with 4% paraformaldehyde, permefor NgR. abilized with ice-cold methanol, and immunostained with a rabbit polyclonal antibody against GAP43 (1:4000, from R. Curtis and G.
